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HIGH-TEMPERATURE MECHANICAL PROPERTIES OF A ZIRCONIUM-MODIFIED, 
PRECIPITATION-STRENGTHENED NICKEL - 30 PERCENT COPPER ALLOY 

by John D. Whittenberger 
Lewis Research Center 

SUMMARY 

A precipitation-strengthened Monel-type alloy has been developed through minor al- 
loying additions of zirconium to a base Ni-30Cu alloy. The results of this exploratory 
study indicate that thermomechanical processing of a solution-treated Ni-30Cu-0. 2Zr al- 
loy produced a dispersion of precipitates. The precipitates have been tentatively identi- 
fied as a Nip.Zr compound. A comparison of the mechanical properties, as determined 
by testing in air, of the zirconium -modified alloy to those of a Ni-30Cu alloy reveals that 
the precipitation-strengthened alloy has improved tensile properties to 1200 K and im- 
proved stress -rupture properties to 1100 K. For example, at 1000 K the zirconium- 
modified alloy exhibited a 40 percent higher yield strength and a four times greater 
stress -rupture life than the Ni-30Cu alloy. 

In addition to an improved overall strength, it appeared that the grain boundaries in 
the zirconium-modified alloy were considerably strengthened in comparison to those in 
Ni-30Cu as the onset of grain boundary cracking was delayed to higher test temperatures. 
The oxidation characteristics of the modified alloy appeared to be equivalent to those of 
the base Ni-30Cr alloy. 


INTRODUCTION 

The Monel alloy 400, nominally Ni-30Cu, is used in moderate temperature applica-- 
tions where good corrosion resistance is required. In general, Monel 400 is not used in 
high temperature environments because of its low mechanical strength and poor oxidation 
resistance at temperatures above about 800 K. However, recent work (refs. 1 to 3) has 
identified Monel 400 as a suitable catalyst for the reduction of nitrogen oxide (NO x ) from 
internal combustion engines. In this application Monel operates at temperatures from 
nominally 975 to 1200 K, and it plays an active role in the NO x reduction process as the 



Monel is continuously subjected to oxidation and reduction reactions. One major problem 
associated with the use of Monel 400 in catalytic reactors has been the lack of long-term 
durability. Data from reference 2 indicate that the durability is related to grain boundary 
degradation and subsequent loss in strength. Thus, a higher strength Monel -type alloy 
with improved grain boundary strength and stability is desirable for this application. 

As the oxidation behavior of the Monel alloy is important in catalytic applications, 
any attempt to strengthen the base alloy must not affect the overall surface oxidation char- 
acteristics. This requirement probably prohibits using the high strength aluminum- 
modified Monel alloy K-500 (nominally Ni-30Cu-3Al) as a continuous, unreducible alumina 
scale could be formed. One possible method of strengthening Monel without affecting the 
oxidation behavior would be to introduce a low volume fraction of inert particles or pre- 
cipitates into the alloy matrix. To this end, an attempt was made to strengthen a nomi- 
nally 70Ni-30Cu alloy by slight alloying additions of zirconium followed by a hydrogen 
anneal. This procedure was designed to introduce a dispersion of ZrH 2 particles in the 
matrix in the same manner that ZrH 2 precipitates are formed in Mg-0. 5Zr alloys (refs. 

4 and 5). While precipitates were formed in the zirconium-modified Monel -type alloy, 
the precipitates were not ZrH 2 , as intended, but rather an intermetallic compound. How- 
ever , the precipitates did increase the high temperature strength without affecting the 
oxidation characteristics of the Monel -base alloy. 

This report describes the results of an exploratory study where a thermomechanical 
processing schedule is developed to precipitation harden a zirconium-modified Monel 
alloy. Also, the mechanical properties and oxidation characteristics of this alloy 
(Ni-30Cu-Zr) are compared to those of a base Monel alloy (Ni-30Cu) . 

The problems associated with using Monel alloys for catalytic reactors were brought 
to the author's attention by Dr. M. A. Dayananda of Purdue University. 

\ 

EXPERIMENTAL 
Alloy Preparation 

Two Monel-type alloys of nominal composition, Ni-30Cu and Ni-30Cu-0. 2Zr, were 
vacuum melted in alumina crucibles and cast into nominal 8 by 8 by 1. 5 centimeter sheet- 
bar molds. The sheet -bar ingots were hot rolled in air in one direction at 1450 K from 
1. 5 to 0.4 centimeter and warm rolled in air in the same direction at 920 K from 0. 4 to 
nominally 0.15 centimeter. Both the hot rolling and warm rolling schedules incorporated 
10 percent reductions per pass followed by a 0.17 -hour anneal at the rolling temperature. 
Chemical analyses of the as-processed alloys are given in table I. 
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Processing Studies 


After rolling to gage both alloys were given a 0. 5-hour anneal at 1365 K in hydrogen 
to promote recrystallization and grain growth to a reasonably large grain size (about 
100 ii m). After this anneal the alloys were subjected to several thermomechanical pro- 
cessing (TMP) treatments to determine a suitable processing schedule. In general, the 
TMP involved heat treatments at 1225, 1125, or 1025 K in hydrogen of as-annealed speci- 
mens and annealed plus 10 percent cold-worked (rolling at ambient temperature) speci- 
mens. The results of TMP as determined by hardness testing are given in table n. 

These data suggest that for each TMP schedule the Ni-30Cu-Zr alloy is stronger than the 
Ni-30Cu alloy and that the 10 percent cold work plus 1125 K heat treatment would yield 
the best strength improvement. Metallography of the TMP alloys revealed that the alloys 
had not recrystallized and that only the Ni-30Cu-Zr alloy specimens contained precipi- 
tates. A typical example of the precipitates found in the Ni-30Cu-Zr alloys is shown in 
figure 1. The grain size was determined by standard line intercept techniques, and the 
data are reported in table HI. As the grain size appeared to be independent of the final 
heat treatment temperature, the reported grain size data are an average for the three 
final heat treatment temperatures. 

On the basis of the metallography and hardness tests, the following TMP schedule 
was selected for further study: (1) 0. 5-hour anneal at 1365 K in hydrogen, (2) approxi- 
mately 10 percent cold work by ambient temperature rolling, and (3) final heat treatment 
at 1125 K in hydrogen. Metallography of the alloys subjected to this TMP schedule re- 
vealed some areas of small recrystallized grains in both alloys. In general, these areas 
were confined to the central region of the sheet thickness. The grain size, exclusive of 
the recrystallized areas, was determined to be 160 micrometers for the Ni-30Cu-Zr al- 
loy and 115 micrometers for Ni-30Cu. These values are in agreement with those reported 
in table ITT. On the basis of the stress- rupture life and creep data for Monel reported 
in references 6 and 7, the small difference in grain size between these Ni-30Cu and 
Ni-30Cu-Zr alloys should have little effect on the elevated temperature, long-term me- 
chanical properties. 


Alloy Evaluation 

i 

Both Monel -type alloys were subjected to the previous TMP schedule with a 1. 5-hour 
final anneal at 1125 K to ensure complete precipitation of the second phase in the 
Ni-30Cu-Zr alloy. Tensile-type specimens with a 2. 54 by 0.63 centimeter gage section 
were blanked from the thermomechanic ally processed alloy sheet. In all cases, the gage 
length was parallel to the sheet rolling direction. Hardness tests conducted on the 
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blanking scrap revealed that the hardnesses (Rockwell F scale) of the Ni-30Cu and 
Ni-30Cu-Zr alloys were 85 and 95, respectively. The reason for the difference in hard- 
ness between the initial studies and scale-up could be due in part to possible overaging 
of the precipitates and regions of recrystallization. 

Both Monel- type alloys were subjected to tensile testing in air at ambient tempera- 
ture, 800, 1000, 1200, and 1400 K and to constant -load stress -rupture testing in air at 
800, 1000, 1100, and 1200 K. In addition, several stress -rupture tests were interrupted 
prior to failure, and these specimens were tensile tested at ambient temperature to ob- 
tain a measure of creep damage. All mechanical property testing was conducted in ac- 
cordance with ASTM standards. An additional characterization of the Monel -type alloys 
was the identification of the precipitates in the Ni-30Cu-Zr alloy and the oxides formed 
during elevated temperature testing. 


RESULTS AND DISCUSSION 
Identification of Precipitates 

As the intention of this work was to strengthen the Monel -type alloy matrix with 
ZrH 2 particles, samples of both alloys after TMP were submitted for hydrogen analysis. 
The results of these analyses revealed that both the zirconium -modified alloy and the base 
Ni-30Cu alloy contained about 5 ppm hydrogen. Therefore, it was concluded that the pre- 
cipitates in the zirconium- modified alloy were not ZrHg. In a further effort to identify 
the composition of precipitates and to study the distribution of precipitates, samples of 
both alloys were examined by electron microscopy techniques. Precipitates were ob- 
served only in the Ni-30Cu-Zr alloys; typical electron replica photomicrographs of the 
Ni-30Cu-Zr alloys are shown in figure 2. Platelet and needle type precipitates were ob- 
served within the grains and grain boundaries for both TMP schedules. The TMP sched- 
ule involving cold work resulted in finer precipitates and a corresponding better distribu- 
tion than the TMP schedule without cold work. 

Because of the larger precipitates, the unworked zirconium -modified alloy was used 
for particle identification. Both X-ray diffraction following a long chemical extraction 
(0.17 hr in 85 percent HgO - 5 percent acetic acid - 10 percent HNOg solution) and elec- 
tron diffraction following a short electrolytic extraction (0.02 hr in 90 percent H 2 0 - 
10 percent HgPO^ solution at 15 V) on a carbon film identified the precipitates as a Ni^Zr 
compound. Further examination of extracted precipitates with EDS analyzer on a SEM 
indicated that the precipitates contained only nickel and zirconium. Therefore, the 
strengthening agent in the zirconium-modified Monel -type alloy appears to be Ni^Zr. 

This is somewhat surprising as Elliott (ref. 8) reports the solubility of zirconium in 
nickel to be about 0.9 percent between 1125 and 925 K. Apparently the presence of 30 per- 
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cent copper in the nickel solid solution severely reduces the solubility of zirconium. 


Tensile Properties 

The results of the room temperature and elevated temperature tensile tests are given 
in table IV, and the average strength properties are plotted in figure 3. These data indi- 
cate that the precipitates in the zirconium -modified alloy have improved the tensile pro- 
perties, particularly between 800 and 1200 K where both strength and ductility improve- 
ments are apparent. For example, at 1000 K the 0. 2 yield strength of the zirconium- 
modified alloy exceeds the ultimate tensile strength of the base Ni-30Cu alloy. 

Examination of the microstructure of the tensile tested alloys indicates that grain 
boundary cracking occurred in all elevated temperature tests (T > 800 K) of the Ni-30Cu 
alloy while grain boundary cracking was only seen in the 1200 and 1400 K tensile tests of 
the zirconium-modified alloy. Typical photomicrographs of the fracture areas of the 
1000 K tensile test specimens are shown in figure 4. From this figure it can be seen that 
the Ni-30Cu-Zr alloy failed in a ductile manner while the Ni-30Cu failed by grain bound- 
ary cracking. Thus, it appears that the precipitates in the zirconium-modified alloy 
have strengthened the grain boundaries at elevated temperatures. 

Metallography also revealed that the room temperature tensile failure of both alloys 
occurred by ductile mechanisms, and failure at 1400 K for both alloys appeared to be the 
result of massive oxidation of alloy and grain boundary cracking. Oxidation of the base 
metal did not appear to affect the results of the tensile tests conducted at or below 1200 K 
as only thin oxide coatings were observed. 


Stress-Rupture Properties 

Stress-rupture tests of the Monel -type alloys were conducted in air at stress levels 
nominally designed to produce failure of the Ni-30Cu alloy in 100 hours. In general, 
testing was interrupted if the time under stress/temperature conditions exceeded 500 
hours or if data from other tests indicated that the life expectancy would greatly exceed 
500 hours. Specimen from the interrupted tests were then tensile tested at room temper- 
ature to obtain a measure of the amount of creep damage. 

The results of the stress -rupture testing are given in table V. For the various 
stress/temperature conditions between 800 and 1100 K, the zirconium -modified alloy 
exhibited better properties than the Ni-30Cu alloy. In this temperature regime, the 
life of the Ni-30Cu-Zr alloy exceeded the life of the Ni-30Cu by at least a factor of four. 
Metallography of the ruptured specimens revealed that failure of the Ni-30Cu alloy was 
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probably due to grain boundary cracking at 800 K and a combination of grain boundary 

cracking and oxidation of the crack surfaces at 1000 and 1100 K. Examples of the latter 

type of failure can be seen in figure 5. Grain boundary cracks were also seen in the 

Ni-30Cu-Zr specimen which failed at 800 K. Failure of Ni-30Cu-Zr specimens at 1100 K 

appeared to be the result of grain boundary cracks and oxidation at the cracks; however, 

as can be seen in figure 5, the overall damage to the microstructure after testing at 

1100 K does not appear to be as severe in the Ni-30Cu-Zr alloy as in the Ni-30Cu alloy. 

o 

Testing either Monel -type alloy at 10 meganewtons per square meter (MN/m ) and 
1200 K resulted in completely oxidized cross sections. Thus, the strength improvement 
of the zicronium-modified alloy at 1200 K, as indicated by tensile testing, cannot be re- 
alized in a highly oxidizing atmosphere. 


Residual Tensile Properties 

The residual room temperature tensile properties of interrupted stress -rupture 

tested specimens are given in table VI. The zirconium-modified alloy exhibited superior 

residual tensile properties when compared to the Ni-30Cr alloy. For example, at simi- 

2 

lar exposure conditions of 21 MN/m , 1000 K, and 362 hours the Ni-30Cu alloy exhibited 
a severe reduction in ultimate tensile strength and tensile elongation while the 
Ni-30Cu-Zr alloy retained tensile properties which are essentially equivalent to those of 
the unexposed Ni-30Cu alloy. 

The data in table VI for the exposed and unexposed Ni-30Cu specimens indicate that 
a long-time exposure at 1000 K under a low stress (15 MN/m^) has only a moderate ef- 
fect on the residual room temperature tensile strength properties of this alloy. On the 
other hand, exposure to a slightly higher stress (21 MN/m 2 ) at 1000 K tends to drasti- 
cally reduce the residual ultimate tensile strength and tensile elongation (although the 
yield strength was not as greatly affected). The microstructure of the tensile-tested 
specimens revealed that the specimen exposed for 361 hours at 15 MN/m and 1000 K had 
only a few grain boundary cracks and failed in a ductile manner; the specimens exposed 
to 21 MN/m and 1000 K for 171 and 362 hours had many grain boundary cracks which 
severely reduced the effective load-bearing area. Apparently tensile fracture in the latter 
specimens occurred by ductile failure of the matrix alloy between adjacent grain bound- 
ary cracks. While ductile fracture may indeed take place in localized regions of the spec- 
imens previously exposed to 1000 K and 21 MN/m conditions, the overall tensile failure 
would be considered brittle because of the low ductility. 

The residual property data in table VI for the Ni-30Cu-Zr alloy indicate that prior 

exposure can also affect the tensile properties of this alloy. Comparison of the proper- 

2 

ties of the unexposed alloy to the properties of Ni-30Cu-Zr subjected to 131 MN/m and 
800 K for 505 hours reveals that this exposure decreased the ductility somewhat and 
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possibly increased the strength properties. After exposure at 1000 K, either at 21 
MN/m for 362 hours or 35 MN/m for 501 hours, the tensile ductility of the exposed 
alloys is nearly equivalent to that of the unexposed material; however, exposure at 1000 K 
did reduce the strength properties. After 362 hours at 21 MN/m^ and 1000 K, the 0. 2 
yield strength was about 17 percent less and the ultimate tensile strength was about 10 
percent lower than the unexposed alloy values. On the other hand, the residual strength 
properties of Ni-30Cu-Zr exposed at 21 MN/m^ and 1000 K for 362 hours are nearly com- 
parable to the unexposed Ni-30Cu alloy; Ni-30Cu subjected to a similar exposure exhi- 
bited severely reduced residual properties (a 20 percent reduction in yield strength and 
a 50 percent reduction in ultimate tensile strength). The Ni-30Cu-Zr specimens ex- 
posed to 35 MN/m^ and 1000 K for 501 hours suffered about a 30 percent reduction in 
0. 2 yield strength and about a 20 percent reduction in ultimate tensile strength when com- 
pared to the unexposed alloy. In addition, the residual strength properties of the Ni-30Cu- 

2 2 

Zr alloy exposed for 501 hours at 35 MN/m and 1000 K are about 40 MN/m lower than 
those of unexposed Ni-30Cu. However, the Ni-30Cu specimens failed in a relatively 
short time (~100 hr) when tested under these conditions. Thus, in effect, the greater 
initial strength of the zirconium -modified alloy prolongs the usable load-carrying life of 
the Ni-30Cu alloy under high -temperature oxidizing conditions. 

Metall ographic examination of the Ni-30Cu-Zr residual property specimens revealed 
similar microstructures for all exposure conditions. Internal grain boundary cracks were 
were not observed; however, grain boundary cracks eminating from the sheet surfaces 
were seen. In addition, all tensile fractures appeared to be ductile, as illustrated by the 
microstructure in figure 6. 

Overall, the precipitate -strengthened Monel -type alloy has much better stress - 
rupture properties and resistance to creep damage than the Ni-30Cu alloy. Apparently 
the precipitates in Ni-30Cu-Zr strengthen the grain boundaries which leads to the im - 
proved elevated temperature characteristics. 


Composition of Oxide Scale 

An X-ray analysis of the surface oxides formed during stress-rupture testing of 
Ni-30Cu and Ni-30Cu-Zr alloys at 800 and 1100 K indicated the presence of both CuO and 
NiO. The presence or absence of Cu^O could not be confirmed as Cu 2 0 X-ray diffraction 
lines overlap those of NiO. Zirconium oxides were not detected in the oxide scale formed 
on the Ni-30Cu-Zr specimens. In general, the oxide scales formed on Ni-30Cu and 
Ni-30Cu-Zr were identical. 
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CONCLUSIONS 


A precipitation-strengthened Monel -type alloy has been developed by adding minor 
amounts of zirconium to a base Ni-30Cu composition. The strengthening agent in the 
modified alloy has been tentatively identified as a NigZr compound. Precipitation 
strengthening resulted in improved tensile properties to 1200 K and stress -rupture proper- 
ties to 1100 K. For example, at 1000 K the zirconium -modified alloy exhibited a 40 per- 
cent higher yield strength and a four times greater stress -rupture life than a Ni-30Cu 
alloy. In addition to an improved overall strength, it appeared that the grain boundaries 
in the zirconium-modified alloy were considerably strengthened in comparison to those 
in Ni-30Cu as the onset of grain boundary cracking was delayed to higher test temperatures 
tures. The improved mechanical properties coupled with the observation that identical 
oxide scales were formed on the zirconium-modified alloy and the base Ni-30Cu alloy 
seem to indicate that the zirconium-modified Monel -type alloy might have potential for 
use as a catalyst for the reduction of nitrogen oxides from internal combustion engines. 

Lewis Research Center , 

National Aeronautics and Space Administration, 

Cleveland, Ohio, March 22, 1974, 

501-21. 
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TABLE I. - CHEMICAL ANALYSIS 


MONEL-TYPE ALLOYS 


Alloy 

Composition, wt % 


Cu 

Zr 

Ni 

Ni-30Cu 

29.6 



Balance 3 

Ni-30Cu-Zr 

29.3 

0.2 

Balance 3 


a Spectrographic analysis revealed 
faint traces of Al, Co, Cr, Fe, 
Mg, Mn, and Ti. 


TABLE II. - HARDNESS OF THERMOMECHANICAL PROCESSED 
MONEL-TYPE ALLOYS 


[Rockwell F scale; 0. 16-cm ball; 60-kg load; starting condition for both alloys, 
1/2-hr anneal at 1365 K. ] 


Alloy 

Temperature of 
final heat 
treatment, 

K 

0 Percent cold work 
prior to final 
heat treatment 

10 Percent cold work 
(rolling) prior to 
final heat treatment 

Time of 
final heat 
treatment, 
hr 

Rockwell F 
hardness 

Time of 
final heat 
treatment, 
hr 

Rockwell F 
hardness 

Ni-30Cu 

None 

— 

75 

— 

a 101 

Ni-30Cu-Zr 

• - None 

— 

77 

— 

a 102 

Ni-30Cu 

1225 

1 

75 

1/2 

76 

Ni-30Cu-Zr 

1225 

1 

84 

1/2 

93 

Ni-30Cu 

1125 

2 

77 

1/2 

73 

Ni-30Cu-Zr 

1125 

2 

89 

1/2 

103 

Ni-30Cu 

1025 

3 

. 77 

1/2 

96 

Ni-30Cu-Zr 

1025 

3 

88 

1/2 

101 


a Extrapolated from Rockwell B scale readings. 





TENSILE PROPERTIES OF MONEL-TYPE ALLOYS 
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TABLE V. - STRESS-RUPTURE PROPERTIES OF 
MONEL-TYPE ALLOYS 


Composition Test condition 


Temperature, Stress, 
K MN/m 2 


Ni-30Cu 


Ni-30Cu-Zr 


Life, Elongation 
hr percent 


Ni-30Cu 


Ni-30Cu-Zr 


Ni-30Cu 


Ni-30Cu-Zr 


Ni-30Cu 


Ni-30Cu-Zr 


CD 

CO 

a 

2 

a 170. 5 

2 

a 362. 2 

4 

56.7 

7 

153.0 

17 

a 362. 2 

~1 

a 500. 9 

~1 

a 500. 9 

~1 

28.1 

7 

71.8 

18 

238. 2 

9 

173.8 

6 

95. 5 

Almost 

108.5 

completely 

107.3 

oxidized test 

108.7 

sections 


Specimen removed prior to failure. 




























TABLE VI. - RESIDUAL ROOM TEMPERATURE TENSILE PROPERTIES OF 


EXPOSED MONEL -TYPE ALLOYS 


Alloy 

Prior exposure 

Offset 0. 2 
yield 
stress, 
MN/m 

Tensile properties 3 

Stress 

MN/ni 

Temperature, 

K 

Life, 

hr 

Ultimate tensile 
strength, 
MN/m 2 

Elongation, 

percent 

Ni-30Cu 

None 

None 

— 

b 200 

b 414 

b AA 

44 


15 

1000 

361 

145 

360 

40 


21 

1000 

171 

162 

300 

8 


21 

1000 

362 

163 

202 

5 

Ni-30Cu-Zr 

None 

None 

None 

b 243 

b 469 

b 36 


138 

800 

505 

278 

503 

30 


138 

800 


265 

480 

23 


21 

1000 

362 

200 

426 

33 


35 

1000 


164 

365 

35 


35 

1000 

501 

168 

379 

36 


a 3trength properties based on original cross-sectional area. 
b Average properties. 



Figure 1. - Typical microstructure of Ni-30Cu-Zr alloy annealed 0.5 hour at 1365 K and 
then 2 hours at 1125 K in hydrogen. Electrolytically etched with 3 OHNO 3 - 3 OH 2 O- 3 O 
glycerin. 
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(b) Annealed 0.5 hour at 1365 K, cold worked 10 percent, and then annealed 1.5 hours at 1125 K 

Figure 2. - Concluded. 
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Temperature, K 

Figure 3. - Average tensile strength properties as function of 
temperature for Monel-type alloys. 









(a) Alloy, Ni-30Cu; temperature, 1000 K; stress, 35 MN m2; life, 153 
hours; elongation, 17 percent. 


(b) Alloy, Ni-30Cu; temperature, 1100 K; stress, 21 MN/m2; life, 71.8 
hours; elongation, 18 percent. 


(c) Alloy, Ni-30Cu-Zr; temperature, 1100 K; stress, 21 MN'mZ; life, 
238.2 hours; elongation, 9 percent. 


Figure 5. - Typical microstructures of stress-rupture tested Monel-type 
alloys. Electrolytically etched with 3 OHNO 3 - 3 OH 2 O- 3 O glycerin. 







NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 20546 


OFFICIAL BUSINESS 

PENALTY FOR PRIVATE USE $300 SPECIAL FOURTH-CLASS RATE 

BOOK 


POSTAGE AND FEES PAID 
NATIONAL AERONAUTICS AND 
SPACE ADMINISTRATION 
451 



POSTMASTER : 


If Undeliverable (Section 158 
Postal Mannal) Do Not Return 


"The aeronautical and space activities of the United States shall he 
conducted so as to contribute ... to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof." 

— National Aeronautics and Space Act of 1958 


NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 


TECHNICAL REPORTS: Scientific and 
technical information considered important, 
complete, and a lasting contribution to existing 
knowledge. 

TECHNICAL NOTES: Information less broad 
in scope but nevertheless of importance as a 
contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: 

Information receiving limited distribution 
because of preliminary data, security classifica- 
tion, or other reasons. Also includes conference 
proceedings with either limited or unlimited 
distribution. 

CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 


TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include final reports of major 
projects, monographs, data compilations, 
handbooks, sourcebooks, and special 
bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in commercial and other non-aerospace 
applications. Publications include Tech Briefs, 
Technology Utilization Reports and 
Technology Surveys. 


Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION OFFICE 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington, D.C. 20546 




